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Wheat one of the most important cereal crops in 
the  wor ld ,  i s  g rown in  wide  range  o f 
environmental conditions. Wheat yield is reduced 
by abiotic stresses such as salinity, drought and 
heat. Drought stress is probably the most 
important limiting factor to crop production 
worldwide, especially in many developing 
counties in arid and semi-arid regions [1]. In the 
limitations of world crop production drought 
stress has the highest percentage with 26% when 
the usable areas on the earth are classiﬁed in view 
of stress factors. Wheat often experiences drought 
stress at various growth stages especially during 
germination, tillering and early grain ﬁlling with 
corresponding depressions in biomass production 
and grain yield under rainfed conditions. Seed 
germination and seedling growth are critical 
stages in the life cycle of a plant, especially under 
adverse abiotic stresses. Germination percentage 
and seedling traits reduce with a high drought 
stress. Some researchers had reviewed the effects 
of drought on germination and seedling 
development in crops such as wheat [2], corn [3] 
and barley [4]. Polyethylene glycol (PEG) causes 
osmotic stress and could be used as a drought 
simulator [5,6]. It was evaluated four bread wheat 
varieties for their tolerance to drought stress at 
germination and seedling at changing stress level.
 
The experiment was conducted at growth 
chamber in laboratory of Horticulture, Faculty of 
Agriculture, Sirnak University, Turkey. Two 
commercial bread wheat genotypes (Pehlivan and 
Tekin) and two advanced genotype were used 
against drought stress at germination and seedling 
stage under laboratory. It was laid out as 
completely randomized design (CRD) in factorial 
arrangement with ﬁve treatments (0, -0.3, -0.6, -
0.9, -1.2 MPa, by using PEG 6000 solution) and 
four replicates. 
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Drought is a major abiotic stress that threating the producing and survival of many crops such as cereal. Wheat is grown 
on arid lands and drought often causes serious problem in wheat production on these ﬁelds. In this study, it was 
determined that the effect of ﬁve different drought stress (0, -0.3, -0.6, -0.9, -1.2 MPa, by using PEG 6000 solution) on the 
germination of 4 different bread wheat cultivars (Tekin, Pehlivan, DZT13-1 and DZT13-2). The study was carried out 
according to completely randomized design in factorial arrangement with four replications. In the present study, 
important growth parameters like germination rate (%), seedling vigor (%), coleoptile length (cm), root length (cm) and 
shoot length (cm) were observed. Results showed when dose of PEG increased, seedling growth was signiﬁcantly 
affected. Increasing drought stress was resulted with a decrease on germination rate, seedling vigor, coleoptile length, 
root length and shoot length.
MATERIALS AND METHODS
Day and night lengths were 14/10 h, with ±25°C. 
Seeds were surface sterilized with 10% sodium 
hypochlorite solution for 10 minutes and then 
washed four times with distilled water. Twenty 
seeds of each wheat genotype were planted in each 
petri dishes containing ﬁlter paper. Germination 
rate, seedling vigor, coleoptile length, root length 
and shoot length determined following the method 
of  Yildirim et al. [7].
Analysis of variance was performed using the 
Genstat statistic package. Means were compared 
according to LSD test at 0.05 probability levels.
The result obtained from analysis of variance 
revealed signiﬁcant differences among different 
levels of drought stress (Table 1). There was 
decrease in germination and seedling growth with 
increase in drought stress.
Germination rate decreased signiﬁcantly in all 
cultivars. The decreases were more apparent at -
0.9 and -1.2 concentrations. In -0.3 MPa treatment 
maximum germination rate was executed by 
Pehlivan (75%), whereas DZT13-2 showed 
minimum germination rates (55%). Tekin had the 
highest germination rate (55%) and DZT13-2 
exhibited lowest germination rate (27.5%) at -06 
MPa treatment. While none of the seeds was able 
to germinate at-1.2 MPa of PEG. All genotypes 
exhibited decreases in seedling vigor as osmotic 
potential was decreased from 0 to -1.2 MPa 
(Table1). The highest seedling vigor was 
determined by genotype Pehlivan (90%) in 
control, whereas DZT13-2 showed minimum 
germination (11.2%) at -1.2 MPa PEG solution.
Signiﬁcant reduction in coleoptile length was 
observed in drought stress in all genotypes. There 
was a slight decrease in coleoptile length 
associated with the -0.3 MPa and -0.6 MPa 
treatments. Tekin had maximum shoot length with 
18.9% and 24.1% reduction as compare to control 
at -0.3 MPa and -0.6 MPa treatments respectively 
(Figure 1).The shoot length was decreased 
signiﬁcantly with increasing of drought stress 
levels. The decreases were very high at -0.9 MPa 
and -1.2 MPa. DZT13-1 had maximum shoot 
length (82.34 mm) with 35% reduction as compare 
to control at -0.3MPa PEG stress. While it has 
maximum reduction (99%) was given by all 
genotypes under -0.9 and -1.2 PEG stress (Figure 
2).An increase in PEG concentrations over -0.9 
and - 1.2 MPa signiﬁcantly reduced the length of 
root compared to control. The maximum root 
length was observed in control and minimum 
values observed in -1.2 MPa (Figure 3).
Our data shows that germination rate, seedling 
vigor, coleoptile length, shoot length and root 
length of all wheat genotypes decreased 
signiﬁcantly under drought stress. Drought is 
considered one of the most devastating among the 
environmental stresses [8]. All agricultural 
regions will experience drought and some areas 
experience predictable dry seasons as some others 
exposed to unpredictable drought periods. 
Drought stress decreases the crop quality and yield 
up to 50% or more [9]. Due to the need of 
developing and identifying drought tolerant crop 
lines, understanding the functioning capacity of 
drought tolerant plants under water deﬁcit 
conditions is inevitable [10].
Under drought stress, growth inhibition 
observed in all cultivars. The increases in the 
growth inhibition of the plants become more 
signiﬁcant at high PEG concentration. Van den 
Bergand Zeng [4] reported that drought plays an 
important  role not  only in determining 
germination rates, but also inﬂuences seedling 
development. Signiﬁcant reduction in coleoptile, 
shoot and root length at higher concentrations of 
PEG was observed as compare to control. The 
reason for low shoot and root length may be due to 
increase in osmotic potential by increasing 
drought, which leads to dehydration, ionic 
imbalance in transpiring leaves that caused 
reduction in meristem activity and cell elongation, 
consequently inhibit the growth of wheat plant 
[11,12,13]. Bartels and Sunkar [14] concluded that 
growth arrest might allow plants to preserve 
carbohydrates for prolonged energy supply and for 
sustained metabolism the reduction in the root 
length under drought stress. Root length is a very 
important trait for the plants to cope with drought 
environments. In this study has shown that the 
results are in agreement with the study Dranda et 
al.[15] who noticed the signiﬁcant decline in the 
germination and seedling growth.
It is pointless to use -0.9 and -1.2 PEG stress 
because of the loss of the genotypic difference and 
almost all of the plants are died in PEG conditions 
in bread wheats. In this study, the drought 
tolerance of the varieties changed according to the 
severity of the drought and the traits investigated. 
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Figure 1. Percent reduction in coleoptile  length of wheat genotypes at -0.3, -0.6, -0.9  and -1.2 MPa PEG stress.
Figure 2.  Percent reduction in shoot length of wheat genotypes at -0.3, -0.6, -0.9  and -1.2 MPa PEG stress.
Figure 3. Percent reduction in root length of wheat genotypes at -0.3, -0.6, -0.9  and -1.2 MPa PEG stress.
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Table 1. Growth responses of bread wheat genotypes under control and PEG treatments.
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